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Specification 



i Title of thelnventlon: METHOD FOR MANUFACTURING A 

1 - 0t Cne X ' LIGHT-TRANSMITTING QUARTZ 

GLASS BASE MATERIAL 

2. Claim * 

A method for manufacturing a light-transmitting quartz glass 
base material wherein an estersilane represented by the following 
general formula: Risi(OR*h_ n (wherein R* is selected from among a 
hydrogen atom, methyl group, and an ethyl group; R 2 is selected 
from between a methyl group and an ethyl group; n is a positive 
number of 0-4) and a dopant represented by one of the following 
formulae: Ge(OR 3 ) A or B(OR 3 ) 3 

(wherein R 3 is a monovalent hydrocarbon group) or PH 3 are heated and 
combusted in a quartz tube in such a way that the resulting dopant- 
containing silica will be deposited on the inner wall of said 
quartz tube as a transparent glass film and wherein said quartz 
glass tube is heated and melted for the purpose of eliminating the 
hollow segment of said quartz tube. 

3. retailed gy pl anatio n of the invention 

The present invention concerns a method for manufacturing a 
light-transmitting quartz glass base material. More specifically, 
the present invention concerns a method for manufacturing a light- 
transmitting quartz glass base material which contains no chlorine 
(as element or compound) by the internal MCVDA method. 

There are various conventionally-known techniques for 

*Numbers in margin indicate pagination in foreign text. 
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manufacturing light-transmitting quartz glass base materials. In 
any event, the purity of said material must be extremely high, and 
the refractive index in the cross-sectional direction must be 
carefully controlled. For these reasons, the chemical vapor-phase 
deposition method (CVD method), wherein a chemical reaction is 
utilized, is commonly utilized. Said CVD method can be further 
classified into the internal method (MCVD) method, wherein a silica 
which has been obtained by oxidizing a silicon-containing compound 
is formed as a transparent glass film on the: inner wall of a quartz 
tube, the external method, wherein a silica which has been prepared 
by flame-hydrolyzing a silicon-containing compound is deposited on 
the outer surface of a core material, and the vapor-phase /2 
axial deposition method (VAD method), wherein a silica which has 
been obtained by flame-hydrolyzing a silicon-containing compound is 
deposited on a rotating refractory material in a cylindrical 
fashion. said external method and VAD method are different from 
the MCVD method in that reactions are not induced in closed 
systems. For this reason, it is difficult to control the 
refractive index of the glass base material. When a high-quality 
optical fiber is manufactured, therefore, the internal MCVD method, 
- wherein the dopant concentration can be easily controlled, is 
preferred. 

When a typical conventional internal MCV^ method is 
implemented, a mixture consisting of a glass-forming gas (i.e., 
silicon tetrachloride (SiCl 2 )), a dopant for controlling the glass 
refractive index (e.g., germanium tetrachloride (GeCl 4 ) , phosphorus 



oxychloride (P0C1 3 ) , boron trichloride (BC1 3 ) , etc.), and gaseous 
oxygen (i.e., oxidizing gas) is fed into one end of a quartz tube, 
and said gaseous mixture is heated by transporting an oxyoxygen 
flame burner or an electrical resistant heater between the inlet 
and outlet sides of the exterior of said quartz tube. A dopant- 
containing silica which has been produced as a result of vapor- 
phase oxidation is deposited in the longitudinal direction of the 
inner wall of the quartz tube as a transparent glass film. 
Subsequently, the hollow segment of said quartz tube equipped with 
said glass film layer is eliminated in order to manufacture a 
quartz glass base material. The quartz glass base material which 
has been obtained in this method contains large quantities of 
dissolved chlorine or chlorine-containing compounds. An optical 
fiber derived from said base material is plagued with an absorption 
loss in the visible light region (i.e., wavelength band of 0.6-1.1 
/xm) due to said dissolved chlorine. Said dissolved chlorine, 
furthermore, is bubbled during said hollow segment-eliminating 
process or during a subsequent spinning process. 

When the aforementioned internal MCVD method is implemented, 
a certain amount of heat necessary for inducing the vapor-phase 
oxidation of the feed gaseous mixture is fed from outside the 
quartz tube, and the temperature of the quartz glass tube is 
elevated to the sofcening point by said external heat. As a 
result, the quartz zube is easily twisted or sagged. As the 
thickness of the glass deposition layer increases, the heat 
transmission efficiency deteriorates, and as a result, it becomes 
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necessary to increase the external heat level. In such a case, the 
aforementioned deformations are aggravated. If an oxyhydrogen 
flame is employed as an external heat source, it is necessary to 
increase the hydrogen content in order to elevate the heating 
temperature. In such a case, the flame rate [sic] increases, and 
as a result, said deformations are significantly aggravated. If 
said deformations are induced, furthermore, the thickness of the 
glass deposition layer becomes inevitably heterogeneous, and as a 
result, the refractive index distribution of the objective quartz 
glass base material significantly varies, which is extremely 
inconvenient. 

The present invention provides a method for manufacturing a 
light-transmitting quartz glass base material by the internal MCVD 
method which is unaccompanied by the aforementioned problems. In 
other words, the following procedures are carried out: an 
estersilane represented by the following general formula: 

r; 8i <o^)' 4 . n 

(wherein R 1 is selected from among a hydrogen atom, methyl group, 
and an ethyl group; R 2 is selected from between a methyl group and 
an ethyl group; n is a positive number of 0-4) and a dopant 
represented by one of the following formulae: Ge(0R 3 h or B(OR 3 ) 3 
(wherein R 3 is a monovalent hydrocarbon group) or PH 3 are heated and 
combusted in a quartz tube in such a way that the resulting dopant- 
containing silica will be deposited on the inner wall of said 
quartz tube as a transparent glass film, and subsequently, said 
quartz glass tube is heated and melted for the purpose of 



eliminating the hollow segment of said quartz tube. 

The present invention will be explained in full detail. The 
present inventors compiled exhaustive research on a method for 
manufacturing a light-transmitting quartz glass base material which 
is characterized by a desirable refractive index distribution and 
which contains no halogen atoms or halogen-containing compounds. 
After it had been hypothesized that the aforementioned objective 
would be attained by using a feed silane and a dopant containing no 
intramolecular halogen atoms as a glass-forming material and a 
dopant, respectively, additional research was conducted, and as a 
result, the following were discovered: if an esters i lane 
represented by the aforementioned general formula is employed as 
said silane, the combustion rate is low since the boiling point is 
approximately 100 'C or higher; moreover, said material is easy to 
handle and is inexpensive from an industrial point of view; if a 
germanium, boron, or PH 3 dopant which contains an alkoxy group is 
employed, a high reactivity can be attained at low /I 
temperature, arid no halogen atoms are employed [sic: non sequitur] ; 
if the aforementioned feed gas and dopant are utilized, a quartz 
glass base material which contains no halogen atoms or halogen- 
containing compounds and which is characterized by an excellent 
refractive index distribution can be assuredly obtained; if this 
[sic] is employed, the reactivity difference attributed to the 
types of gases can be eliminated, and since the reactivity of said 
gaseous mixture is considerably higher than those employed in 
conventional methods t the external heat for heating said quartz 
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tube can be minimized; for example, if an oxyhydrogen flame is 
employed as said external heat source, the hydrogen concentration 
can be reduced to 1/5 to 1/2 of those in conventional methods; in 
such a case, the deformation of the quartz tube is prevented, and 
as a result, a quartz glass base material characterized by an 
excellent refractive index distribution is obtained. Upon further 
research, the present invention has been completed. 

As the foregoing explanations clearly demonstrate, the 
estersilane which is employed as the feed glass-forming material of 
the method of the present invention is represented by the following 
general formula: r^si (o«?-) 4 . 0 . 

Concrete examples of such compounds include methyltrimethoxysilane, 
dimethyldimethoxysilane, tr imethy lmethoxy s i 1 ane , 
tetramethoxysilane, methyltriethoxysilane, tetraethoxysilane, etc. 
From an industrial point of view, methyltrimethoxysilane and 
tetramethoxysilane are especially desirable since they are 
inexpensive and since they can be easily handled. Said estersilane 
can be easily synthesized by reacting an alcohol (e.g., methanol, 
ethanol, etc.) with tr imethy lchlorosilane or methyltr lchlorosilane, 
which is a byproduct produced in a process whereby 
dimethyldichlorosilane, which is a main feed material for 
synthesizing silicone rubbers, silicone varnishes, or silicone oils 
by directly reacting metallic silicon with methyl chloride, or by 
reacting an alcohol with a mixture consisting of 
monomethyltrichlorosilane, dimethyldichlorosilane, 
trimethy lchlorosilane, monomethyldichlorosilane, etc., which is 



obtained by pyrolyzing polymethylpolychloropolysilane [or] 
polymethylpolychloropolysiloxane represented by the following 
general formula: (CH^S^Cl^, which is obtained in said 
dimethyldichlorosilane-manufacturing process [sic: convolution and 
ambiguity inherent in original]. Said tetramethoxysilane can be 
manufactured according to the following scheme: 

by reacting metallic silicon with methyl alcohol in the presence of 
an NaOCH 3 catalyst. Said compound is inexpensive and is highly 
accessible on an industrial basis, and an impurity-free purified 
product can be easily synthesized by rectifying a corresponding 
feed chlorosilane or its ester. As a result, a high-purity quartz 
glass base material can be obtained. 

The dopant employed in the present invention is represented by 
the aforementioned formula Ge(OR 3 )«, B(OR 3 ) 3 , [or] PH 3 . Concrete 
examples of applicable compounds include Ge(OCH 3 ) 4 (boiling point: 
150°C), Ge(OC 3 H s ) 4 (boiling point: 190'C) , Ge(0-n-C 3 H 7 ) 4 (boiling 
point: 240°C), Ge(0-n-C A H 9 ) 4 (boiling point: 290*0), B(OCH 3 ) 3 
(boiling point: 68°C), B(OC 2 H 5 ) 3 (boiling point: 117'C), B(0-n-C 3 H 7 ) 3 
(boiling point: 176*C) , and B(0-n-C 4 H ? ) 3 (boiling point: 227'C). In 
particular, compounds wherein groups corresponding to R 3 are methyl 
or ethyl groups are especially desirable since the boiling points 
are relatively low and since they can be easily fed into a reaction 
container in the presence of a carrier gas. Said Ge(OR 3 ) A and 
B(OR 3 ) 3 can be manufactured by conventionally-known techniques. For 
example, said compounds can be effortlessly synthesized according 
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to the procedures specified in J. Aroer. Chem. Soc. , 1953, 75, p. 
718, -t. rhem. Soc . 1956, p. 4916, Encyclopedia of Chemical 
Technology . Third Edition, Vol. 4, p. Ill, etc. The /A 
aforementioned PH 3 (boiling point: -88°C) is a representative 
halogen-free phosphorus -containing compound. This compound is 
ideal since it induces an extremely high combustion efficiency in 
the air or oxygen and since it can be easily filled into a cylinder 
in high purity. 

When the method of the present invention is implemented, a 
mixture consisting of said estersilane, dopant, and gaseous oxygen 
(i.e., oxidizing agent) (as well as a carrier gas, if necessary) is 
fed into a quartz tube, and after an oxidizing reaction has been 
induced within said quartz tube, the resulting dopant-containing 
silica is deposited on the inner wall of the quartz tube. If the 
conventional internal MCVD method is implemented, a silica which 
has been produced from a reactive gas which has been fed into said 
quartz tube is homogeneously deposited, and accordingly, it is 
necessary to transport an oxyhydrogen flame burner along said 
quartz tube in a reciprocal fashion. If the method of the present 
invention is implemented, on the other hand, both the estersilane 
and dopant are combustible substances. Immediately after said 
substances have been combusted at the front end of a feed nozzle 
which is inserted into the quartz tube, a dopant-confining silica 
is deposited on the wall of the quartz tube. In the aforementioned 
process, it is desirable that the quartz tube be transported in a 
reciprocal fashion while the heat source (e.g., oxyhydrogen flame 
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burner, etc.) is being fixed. If the rate at which said gaseous 
mixture is fed into the quartz tube is excessively low, "backfire" 
may be observed. For this reason, it is desirable that said 
different mixture be sprayed into the quartz tube at a sufficiently 
high flow rat£^ Unless gaseous oxygen is mixed, the combustion 
rate decreases, and as a result, it becomes difficult to completely 
combust said gaseous mixture. It is desirable that oxygen be mixed 
immediately before the feed nozzle. 

The silica which has been deposited on the inner wall of the 
quartz tube is melted by the combustion heat of the feed gaseous 
mixture or by the heat of an external burner or electrical heater. 
As a result, a glass film is coated on the inner wall of said 
quartz tube. Said silica or glass film contains the dopant, and 
the refractive index depends on the concentration of said dopant. 
When this method is implemented, therefore, it is desirable that 
the dopant concentration of the feed gaseous mixture be varied in 
such a way that a glass film characterized by a certain refractive 
index distribution will be laminated in the diametrical direction 
within the quartz tukie. 

After said dopant-containing layer has been laminated on the 
inner wall of said c{uartz tube, said quartz tube is heated and 
melted in order to eliminate the hollow segment, and as a result, 
a quartz glass base material is obtained. In such a case, a 
conventional collapse process can be appropriately utilized. For 
example, the quartz tube is heated and melted at approximately 
2,000°C, and air on the inside is expelled based on the molten 
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glass viscosity and the glass surface tension. 

Next, the method of the present invention will be explained 
with reference to figures. Figure 1 shows a vertical cross- 
sectional view of the main components of a device which is utilized 
for implementing the method of the present invention. Figure 2 
shows a vertical cross-sectional view of a process whereby a quartz 
tube is transported. The feed gaseous dopants which are stored in 
the estersilane container (1), Ge(OR 3 ) 4 container (2) , B(OR 3 ) 3 
container (3), and the PH 3 container (4) are transported by gaseous 
argon (i.e., carrier gas), which is fed via the tube (5), and after 
said components have been mixed with gaseous oxygen which has been 
fed via the conductive tube (7) in the mixer (6), the resulting 
mixture is fed into the quartz glass tube (8) . Said gaseous 
mixture is sprayed into the quartz tube from the feed nozzle (9) . 
Since the quartz tube (8) is heated by the external oxyhydrogen 
flame burner (10), said gaseous mixture is combusted at the front 
end of the feed nozzle (9) . In such a case, a dopant-containing 
silica is produced as a result of oxidation, and said silica is 
deposited on the inner wall of the rotating quartz tube. Said 
silica is homogeneously deposited on the inner wall of the quartz 
tube since said tube engages in a relative movement vis-a-vis the 
stationary burner. Said silica is melted by the combustion heat of 
the feed gas and the "heat of the burner. As a result, a glass 
layer is deposited on the inner wall of the quartz tube, and the 
silica which has not been converted into said glass film and the 
resulting exhaust gas are removed from the other end of / 
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the quartz tube. Figure 2 pertains to a process whereby said 
quartz tube is transported. The quartz tube (8) moves from the 
position shown in Figure a) to the position shown in Figure b) vis- 
a-vis the fixed burner (10) . Immediately fter it has been 
transported tq^the end (see Figure b)), it is returned to the state 
shown in Figure a) . As a result, a glass film is formed. 

In the aforementioned process, the quantity of the dopant with 
respect to the estersilane is enlarged or lessened over time in 
such a way that the dopant concentration in the glass film 
deposited on the inner wall of said quartz tube will satisfy a 
certain predetermined refractive index distribution, as has been 
mentioned above. After the thickness of said glass film has 
reached a certain level, the addition of the feed gaseous mixture 
is terminated, and the hollow segment of the resulting hollow 
quartz tube is eliminated by the aforementioned collapse process. 
As a result, the objective quartz glass base material can be 
obtained. 

When the method of the present invention is implemented, a 
dopant-containing glass layer is laminated on the inner wall of a 
quartz tube by the internal MCVD method by using an estersilane 
containing no halogen atoms or halogen-containing compounds and a 
dopant as feed materials, and the holow segment of said tube is 
eliminated for the purpose of manufacturing a light- transmitting 
quartz glass base material. As a result, a quartz glass base 
material which contains absolutely no halogen atoms or halogen- 
containing compounds (i.e., which is unaccompanied by a light 
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absorption loss attributed to said halogens) can be obtained. 
Since the low- temperature reactivity of the aforementioned dopant 
is excellent, furthermore, the variation of the refractive index 
distribution can be minimized, and a light-transmitting quartz 
glass base material characterized by a high specific refractive 
index difference can be easily obtained. In such a case, 
furthermore, the temperature of an external heater can be 
maintained at a low level as compared with the conventional 
methods, and undesirable deformations of the quartz tube can be 
prevented. As a result, a quartz glass base material characterized 
by a desirable refractive index distribution can be effortlessly 
manufactured. 

The following are application examples of the present 
invention. 

Application Example 1 

An apparatus characterized by the structure shown in Figure 1 
was assembled by using a synthetic quartz tube (outer diameter: ?0 
mm; length: 1,000 mm). After a feed gaseous mixture! consisting of 
methyltrimethoxysilane (CH 3 Si (0CH ? ) 3 ) and Ge(OC 2 H 5 ) 4 and PH3 (i.e., 
dopants) had been transported by gaseous argon, it was mixed with 
gaseous oxygen, and the resulting gaseous mixture was fed into said 
quartz tube from a feeder nozzle. 

Said quartz tube was heated by an oxyhydrogen Jjmrner. More 
specifically, said quartz tube was transported at a rate of 150 
mm/min. while said burner was being fixed. The compositional ratio 
of the feed gas, dopants, and oxygen was varied according to Figure 



13 



3 while 100 [illegible] cycles were being carried out. As a 
result, 100 glass film layers characterized by an Si0 2 -P 2 0 5 -Ge0 2 
composition was deposited on the inner wall of the quartz tube. 

Next, the permeation of the gaseous mixture was terminated, 
and after the £^mperature of the external heater had been elevated, 
the hollow segment of said quartz tube was eliminated, and as a 
result, a rod-shaped quartz glass base material was obtained. 

The resulting quartz glass base material was transparent. 
When the cross-sectional refractive index distribution was 
measured, it was determined that said base material was 
characterized by the graded index type shown in Figure 4 . When a 
fiber derived from said base material was analyzed by using an X- 
ray microanalyzer , no chlorine atoms were detected. Even when said 
base material was stretched, no bubbles were produced, and there 
was absolutely no absorption loss attributed to chlorine atoms. 
Application Example 2 

An apparatus characterized by the structure shown in Figure 1 
was assembled by using a synthetic quartz tube (outer diameter: 30 
mm; length: 1,000 mm) ( . After a feed gaseous mixture consisting of 
100 cc of methyltrimethoxysilane (CH 3 Si(OCH ? ) 3 ) and 200 cc of 
B(OCH 3 ) 3 (i.e., dopant) had been transported by using 400 cc of 
gaseous argon, 1,850 cc of gaseous oxygen was mixed, and after the 
resulting gaseous mixture had been fed into said quartz tube, 
treatment procedures identical to those in Application Example 1 
were carried out. As a result, 30 layers (i.e., clad layers) 
consisting of a glass film characterized by an Si0 2 -B 2 0 3 composition 
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w . 

were laminated on the inner wall of the quartz tube. 

Next, 100 cc of methyltrimethoxysilane and 10 cc of PH 3 /6 
and 30 cc of Ge(OC 2 H 5 ) 4 (i.e., dopants) were transported by using 
300 cc of gaseous argon , and after 1,250 cc of gaseous oxygen had 
subsequently been mixed, the resulting gaseous mixture was fed into 
said quartz tube, and treatment procedures identical to those in 
Application Example 1 were carried out. As a result, 70 layers 
(i.e., core layers) consisting of a glass film characterized by an 
Si0 2 -P 2 0 5 -Ge0 2 composition were laminated on the inner wall of the 
quartz tube. 

Next, the permeation of the gaseous mixture was terminated, 
and after the temperature of the external heater had been elevated, 
the hollow segment of said quartz tube was eliminated, and as a 
result, a rod-shaped quartz glass base material was obtained. 

When the cross-sectional refractive index distribution of the 
resulting transparent glass was measured, it was determined that 
said base material was characterized by the step index type shown 
in Figure 5a. When a fiber derived from said base material was 
analyzed by using an X-ray microanalyzer, no chlorine atoms were 
detected. Even when said base material was stretched, no bubbles 
were produced, and there was absolutely no absorption loss 
attributed to chlorine atoms. 

Application Example 3 4> 

An apparatus characterized by the structure shown in Figure 1 
was assembled by using a synthetic quartz tube (outer diameter: 30 
mm; length: 1,000 mm) . After a feed gaseous mixture consisting of 
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100 cc of tetramethoxysilane (Si(OCH 3 )J) and 200 cc of B(OC 2 H 5 ) 3 
(i.e., dopant) had been transported by using 200 cc of gaseous 
argon, 2,900 cc of gaseous oxygen was mixed, and after the 
resulting gaseous mixture had been fed into said quartz tube, 
treatment procedures identical to those in Application Example 1 
were carried out. As a result, 50 layers (i.e., clad layers) 
consisting of a glass film characterized by an Si0 2 -B 2 0 3 composition 
were laminated on the inner wall of the quartz tube. 

Next, 100 cc of tetramethoxysilane and 10 cc of PH 3 and 35 cc 
of Ge(OCH 5 ) 4 (i.e. , dopants) were transported by using 300 cc of 
gaseous argon, and after 1,000 cc of gaseous oxygen had 
subsequently been mixed, the resulting gaseous mixture was fed into 
said quartz tube, and treatment procedures identical to those in 
Application Example i were carried out. As a result, 50 layers 
(i.e., core layers) consisting of a glass film characterized by an 
Si0 2 -P 2 0 5 -Ge0 2 composition were laminated on the inner wall of the 
quartz tube. 

Next, the permeation of the gaseous mixture was terminated, 
and after the temperature of the external heater had been elevated, 
the hollow segment of said quartz tube was eliminated, and as a 
result, a rod-shaped quartz glass base material was obtained. 

When the cross-sectional refractive index distribution of the 
resulting transparent glass was measured, it was determined that 
said base material was characterized by the step index type shown 
in Figure 5b. When a fiber derived from said base material was 
analyzed by using an X-ray microanalyzer, no chlorine atoms were 
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detected. Even when said base material was stretched, no bubbles 
were produced, and there was absolutely no absorption loss 
attributed to chlorine atoms. 

4. Brief explanation of the figures 

Figure l shows a vertical cross-sectional view of the main 
components of an apparatus which can be utilized for implementing 
the method of the present invention. Figure 2 shows a vertical 
cross-sectional view of a process whereby said quartz tube is 
transported. Figure 3 is a diagram pertaining to the feed gas, 
dopant, and gaseous oxygen flow rates in Application Example 1. 
Figure 4 shows the refractive index distribution of the quartz 
glass base material obtained in Application Example 1. Figures 5a 
and b show the refractive index distributions of the quartz glass 
base materials obtained in Application Examples 2 and 3, 
respectively. 

(1): estersilane container; (2): Ge(OR 3 ) ? container; (3): 
B(OR 3 ) 3 container; (4): ph 3 container; (5) and (7): conductive 
tubes; (6): mixer; (8): quartz glass tube; (9): feed nozzle; (10): 
burner. 
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